Introduction Abstract
This study evaluates the role of the number of secondary diagnoses for calculating the Charlson comorbidity index (CCI) The Charlson comorbidity index (CCI) for adjustment of hip fracture mortality in the elderly: analysis of the importance of recording secondary diagnoses Aplicação do índice de comorbidade de Charlson (ICC) no ajuste de risco da mortalidade após fratura proximal de fêmur em idosos: análise da importância dos diagnósticos secundários ent types of research. Meanwhile, the scarcity of clinical data and low reliability of information are identified as the principal disadvantages 1 . Although administrative databases are not originally designed for evaluation studies, they can serve as an important tool to provide responses for the health sector.
Few people would disagree as to the need to consider case severity in risk adjustment, even though there is no definition as to the best way to measure it 9 . Comorbidities, or all the diseases listed as secondary diagnoses and that can be measured by number and severity, are important predictive factors for adverse outcomes and play a key role in adjustment 8, 10, 11, 12 .
The Charlson comorbidity index (CCI) is a system for classification of severity that uses recorded data on secondary diagnoses to assign a weight to morbidity, thereby generating the patient's risk of death. The method was developed from a cohort of 604 hospital patients in the United States to predict one-year mortality and was validated in a cohort of 685 women with breast cancer followed for 10 years 13, 14 . The final CCI score is the sum of the weights assigned to 19 predetermined clinical conditions 13 , listed in Table 1 . This score can be combined with age to form a single index. Thus, one point for each additional 10 years is added to the initial score 13 .
The method proposed by Charlson was adapted to obtain data on comorbidities, coded according to the International Classification of Diseases, 9 th Revision, Clinical Modification (ICD-9 CM), based on computerized data contained in hospital discharge summaries 4, 8, 11, 15, 16, 17, 18 . Although differences can be found in the weights of patients' comorbidities as a function of the coding adopted by these adaptations, studies have shown that there is no significant change in the CCI's capacity to predict mortality, as compared to the results of these adaptations 4, 8, 17 .
In Brazil, the application of measures to adjust health outcomes risk is rare, and the use of administrative databases is recent. The Hospital Information System of the Unified National Health System (SIH/SUS), otherwise known as the Hospital Admissions Authorization System (AIH), includes information on the care provided in the entire national network financed by the public sector. The SIH/SUS has been the main source of data for evaluation studies, even with the limitations intrinsic to an administrative database, including the small number of fields for recording diagnoses 6, 7, 19 .
Martins et al. 6 used the CCI for risk adjustment in 40,299 hospital admissions in the Municipality of Rio de Janeiro, based on the SIH/ SUS. The authors concluded that although it was important for predicting mortality, a comorbidity hardly discriminated the severity of cases, and that age was the most important predictor of mortality risk, next to the primary diagnosis. Two factors were presented to explain this result: limited space for recording secondary diagnoses -the SIH/SUS has only one field for secondary diagnosis; and under-recording of the secondary diagnosis -only 18.6% of the 40,299 admissions had it recorded. These authors suggest that CCI be associated with age (combined CCI) for purposes of risk adjustment in the mortality rate, calculated on the basis of SIH/SUS data.
In the case of elderly patients, whose health is generally more frail, knowledge of a comorbidity can help explain unfavorable health outcomes, suggesting that the use of at least one secondary diagnosis can help predict mortality. Although the secondary diagnosis is rarely filled out in the SIH/SUS form, in the case of hip fractures in Rio de Janeiro the rate is considered high, over 90% (DATASUS; http://www.datasus.gov.br, accessed on 01/Aug/2005). However, this secondary diagnosis usually refers to external causes like fall from height or accidents.
The present study aimed to assess the use of CCI as a 90-day mortality risk adjustment method in elderly patients hospitalized for hip fracture repair, using all the information on comorbidities recorded in the patient medical chart and one comorbidity only. The purpose was to compare the use of the index in the ideal situation, using the patient medical chart as the data source, with simulation of what would occur if a hospital administrative database had been used containing only one secondary diagnosis.
Material and methods
The data used in this study pertained to a survey of elderly patients hospitalized for surgical hip fracture repair at a university hospital in the municipality of Rio de Janeiro, Brazil, from 1995 to 2000. Patient charts were searched for coexisting diseases, recorded with the first three digits of ICD-9. The probabilistic record linkage method was applied, as proposed by Coeli & Camargo 20 , comparing the hospital database and the Mortality Information System (SIM), for the years 1995 to 2001, aimed at identifying possible deaths within 90 days after the hospitalization date.
The CCI was calculated on the basis of all the comorbidities recorded for the patient (complete Charlson) and also based on a single comorbidity, selected among those used initially. This selection process was done in two ways: (1) using only one of the coexisting diseases, that with the . This selection used a Clipper compiler function, which generated a random number from 1 to n, where n was equal to the patient's number of comorbidities. Calculating the CCI using one comorbidity only aimed to create, in the database used by the current study, a similar situation to that of the SIH/SUS form, which has only one field for recording secondary diagnosis. Age was not combined with the CCI. Logistic regression was used to measure the effect of CCI on predicting 90-day mortality after hip fracture. The variables related to CCI were grouped in 0, 1, 2, and 3 or more. Age was treated as continuous. The initial model (Table 1) used the variables sex and age. A model was constructed for each of the proposed risk adjustments, controlled by sex and age.
Results
Of the 390 selected patients (Table 2) , 276 (70.8%) were females and 114 (29.2%) were males. Mean age was 74.8 years (SD = 10.7). Some 70% of the patients had up to two comorbidities and only 4.6% had five or more coexisting diseases. The mean number of comorbidities was 1.9. For the CCI calculated with all the comorbidities (complete Charlson), 57.9% of patients received a score of 0, 16.4% a score of 1, 18.2% a score of 2, and 7.5% a score of 3 or more. None of the clinical conditions presented by patients scored greater than 2, based on the list proposed by Charlson (Table 1) , and thus the CCIs calculated on the basis of a single comorbidity did not score greater than 2. For the CCI calculated using the diagnosis with the highest weight (highest Charlson), 57.7% of the patients were classified with a score of 0, 20.5% with 1, and the other 21.8% with 2. Using a randomly selected diagnosis (random Charlson), 77.9% of the cases received a score of 0, 11.8% score 1, and only 10.3% score 2.
The 90-day mortality rate was 7.4%. Gender was not associated with 90-day mortality in any of the models, unlike age (Table 3) , which was associated with risk of dying both in the adjustment by sex and age alone (initial model) and in the different models including CCI (highest, random, and complete Charlson models). In the models in which the CCI was calculated on the basis of only one comorbidity (highest and random Charlson), the 90-day mortality rate was higher for a CCI of 1 as compared to 0, but no statistically significant association was observed with death for a score of 2 as compared to 0. The odds ratios were similar for these two models, and the 90-day odds of death for CCI equal to 1 was approximately 2.9 that for a score of 0. An association was observed between CCI and 90-day mortality when the index was calculated according to all comorbidities. The complete Charlson model showed a gradient in the 90-day mortality odds in relation to patients with a CCI of 0, beginning at score 2, although without statistical significance, and odds of dying 6.5 times greater among patients who scored 3 or more.
Discussion
Risk adjustment has been identified as a necessary strategy for evaluating health care outcomes, and knowledge of the severity of patients' comorbidities is part of this adjustment 8, 9, 11, 17 . Coexisting diseases are measured both in number and severity to determine severity. There are various models for measuring comorbidities, including the CCI 15 . Since these methods are based on secondary diagnoses, the number of fields for re- Table 2 Profi le of patients admitted to a university hospital in the municipality of Rio de Janeiro, Brazil, for proximal hip fracture from 1995 to 2000. cording them and the quality of the information are important for the final classification. Based on the results, the CCI calculated with all the comorbidities recorded for the patient was associated with 90-day mortality according to a gradient, although statistical significance was only observed for the highest score (3 or more). Even when only one secondary diagnosis was available, the effect of this index on the target outcome was observed, but without a gradient, as occurred with the complete CCI. It was interesting that the index had an effect on 90-day mortality for a score of 1 and that it was not significant for score 2, as compared to score 0. A possible explanation is the fact that the CCI is not a specific index for classifying mortality risk in hip fracture patients, but a general index that captures the patient's severity trend as it incorporates various comorbidities. In the models that incorporated only one comorbidity for calculating CCI, score 1 especially represented comorbidities related to the respiratory and cardiovascular systems and dementia, probably more associated with 90-day mortality in hip fracture patients than the comorbidities with weights greater than 1, although quite severe in general.
The results point to the importance of patients' comorbidity profile for mortality odds, and that recording this information should be prioritized by information systems. The inclusion of fields for recording comorbidities is an issue that adds to the discussion on quality of data collection. The SIH/SUS form has only one field for secondary diagnosis, generally poorly filled and considered a limitation in analyses of hospital care outcomes.
The low capacity to discriminate the severity of cases using CCI in the SIH/SUS databases was demonstrated by Martins et al. 6 . According to these authors, this fact was due primarily to the limited space for recording diagnoses -one field for the principal diagnosis and one for the secondary diagnosis. The findings presented here suggest that the addition of fields for diagnostic discrimination in administrative databases may increase the mortality prediction by the CCI. The limitation posed by the SIH/SUS form in terms of reduced space for recording secondary diagnoses has an effect on the risk adjustment methods that consider these diagnoses for assessing the patient's severity. This effect can be observed specifically for the CCI, since the final score is produced cumulatively based on the weight of each clinical condition identified in that patient and is thus sensitive to the recording of diagnostic information.
However, the CCI showed an effect even when based on only one field for recording secondary diagnoses. In a situation where only one field is available for recording secondary diagnoses, the use of specific indices for the target health problem is extremely important for allowing better classification of patients as to mortality risk.
Since calculation of the CCI uses weights assigned to clinical conditions selected from a list that is predefined by the method, some diseases not included in this list may also explain the mortality of patients with specific health problems. Thus, some authors propose that the incorporation of other diseases could increase the predictive capability 4, 17 . Martins 21 developed a new index based on the CCI and the inclusion of other originally excluded clinical conditions and contends that there was an improvement in the method's discrimination. Still, the author highlights that the new index was created with data from only one region and that it would be necessary to validate it in other populations before generalizing it nationwide.
However, the discussion on improving the quality of data available for risk adjustment should not be limited to recording comorbidities. It also includes the issue of data recording, since low completion of fields is a serious problem. Escosteguy et al. 19 , in an article on the Hospital Information System and care for acute myocardial infarct, commenting on the precision of variables in the SIH/SUS form, state that the system's greatest limitation is the precarious nature of secondary diagnoses, not only because only one diagnosis can be recorded, but also because this field is rarely filled. According to Martins & Travassos 22 , the addition of spaces in the databases for keying in diagnostic codes is not sufficient in itself to improve the information. Measures are also needed to guarantee adequate recording of these codes in the primary data sources, which include information on the patient and the procedures performed while during care. According to Librero et al. 23 , the small number of fields available for recording diagnostic information may be a cause of under-recording diagnoses.
Finally, if the use of risk adjustment methods for studying mortality aims to assess the quality of care, another question should be raised. Since these methods use data from hospital discharge summaries, which include all the problems treated during hospitalization, it becomes important to distinguish whether these problems were present at the time of admission or emerged subsequently as complications. The confounding between comorbidity and complication can affect the result of risk adjustment methods like the CCI 9, 17 .
Thus, some suggestions have been made: (1) more fields for recording secondary diagnoses; (2) information on the date of each diagnosis recorded; (3) standardization of discharge summaries; (4) discharge summary improvement and supervision; (5) human resources investment for training personnel in identifying and coding diagnoses; (6) physician education on the importance of coding; (7) use of the data and wide dissemination of the results 6, 16, 22 .
One of this study's limitations is the possible occurrence of errors in the identification of deaths. However, it is important to emphasize that a careful review was performed of the hospital admission records and related deaths, applying rigorous criteria to finally classify a relationship as true. In studies using the probabilistic record linkage method, it is recommended to choose classification rules that minimize the occurrence of false positives, since these have a greater impact on the validity of ratio type measures than false negative errors. False negative results of the linkage process, when the sensitivity is nondifferential in relation to the exposure variable levels (non-informative errors), tend to bias the measures of difference towards the null, but not ratio type measures 24 . Studies on the accuracy of the probabilistic record linkage method are rare, due to the limited availability of information on target outcomes that can be considered a gold standard. A study in Brazil by Coutinho & Coeli 25 , which investigated a probabilistic relationship between a primary database (a cohort of hospitalized elderly hip fracture patients) and the Mortality Information System, found sensitivity of 85.5% and specificity of 99.4% for the method. This study used databases and a methodology similar to the one in the present study. Thus, one can expect accuracy values close to those found by Coutinho & Coeli 25 , especially for specificity, since a careful review of the relationships was performed.
Concluding, although the addition of fields is important for risk adjustment in mortality analyses, even the consideration of only one diagnosis can be useful in the classification of patient severity, especially if weights are considered that are specially constructed for the target health problem. 
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